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(54) A lossless data compression technique that also facilitates signal analysis 



(57) A data compression method and apparatus for 
processing a stream of original data samples to pro- 
duce a compressed data stream that comprises both 
compressed and not-compressed data samples. The 
technique includes a data compression means for 
applying a data compression technique to said original 
data samples so as to develop a sequence of com- 
pressed original samples and not-compressed original 
samples, and providing the sequence of samples in a 
data portion of a transmission packet. A compression 
indicator means is also provided for developing a 



sequence of bits indicating which of the samples in the 
compressed data stream are representative of one of 
the compressed original samples and not-compressed 
original samples, and providing the sequence of bits in 
a map portion of the transmission packet. The map por- 
tion of the transmission packet is used for rapid identifi- 
cation and decompression of the compressed data. In 
accordance with a further aspect of the invention, the 
map portion is also used as an indicator of a character- 
istic of the original data. 
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Description 

BACKGROUND 

1 . Field of the Invention 

The present invention relates generally to data 
compression techniques, and more particularly to a 
lossless data compression technique useful for com- 
pression of ECG (electrocardiographic) waveform data. 

2. Description of the Prior Art 

Generally, data compression is necessary when- 
ever data must be transmitted over a channel having a 
bandwidth which is lower than the bandwidth of the 
channel in which it is currently being carried. The tech- 
nique of the present invention has particular application 
to data compression of ECG waveform data, which typ- 
ically requires compression if it is to be transmitted over 
a low bandwidth channel, such as a wireless link, after it 
has been acquired. Various types of prior art data com- 
pression schemes exist that are readily adaptable for 
ECG waveform data. Although the present invention is 
useful in conjunction with many types of data compres- 
sion schemes, its use will be described in combination 
with a type of direct data compression using differential 
pulse code modulation (DPCM) called delta modulation 
compression. Delta modulation compression is a simple 
form of predictive coding, in that it assumes ("predicts") 
that the change in value ("delta") of the next sample in a 
data stream is within some specified limit of the value of 
the previous sample. Thus, the initial sample value of 
the compressed data stream is an uncompressed origi- 
nal sample (using, for example, 16 bits), and thereafter 
only a delta value (using, for example, 8 bits), is used to 
represent each succeeding sample value. This tech- 
nique can provide data compression for ECG waveform 
data of about 2:1, however, results can vary greatly 
depending upon the nature of the original data, the delta 
value used, and the sampling rate. 

For recovery of data having delta modulation com- 
pression, the value of the second sample is determined 
by combining the uncompressed initial sample value 
with the delta value of the second sample. Thereafter, in 
a sequential manner, the successive delta values are 
combined with the value determined for the preceding 
sample, to determine the value of the current sample. 
One problem with delta modulation is that even if the 
value change, the delta, between each of two succes- 
sive original sample values exceeds the predicted limit, 
only the maximum delta value can be used. In this case 
the maximum delta value will continue to be used to rep- 
resent each of the successive samples until the delta 
value can again accurately represent the true value of 
an original sample, i.e.. the compression technique 
"catches up" to the true values. Thus, delta modulation 
compression is "slew-rate limited" (sometimes referred 
to as "lossy"), since at high slew-rates the compressed 



data samples can lose some of the information con- 
tained in the original data samples. 

The present inventor is aware of a modified version 
of delta modulation, wherein, as in the original version, 

5 if the succeeding sample value is within the predicted 
limit, only the bits required to represent the delta sample 
value are used. However, if the predicted limit is 
exceeded, the complete original sample, i.e., not-com- 
pressed, is used. A preamble or header bit of 0 or 1 is 

10 used in front of the group of bits representing each sam- 
ple in the compressed data stream to indicate if that 
group of bits is representative of a compressed or not- 
compressed sample value. One problem with this tech- 
nique is that the signal processing for compression and 

15 decompression that it is undesirably processing inten- 
sive. That is, if the signal processing is operating with, 
for example, 8-bit bytes, the insertion of the 1 -bit header 
bits before each sample to indicate a compressed value 
or not-compressed value for that sample necessitates 

20 undesirable bit-shifting and masking operations. 

It would be desirable to provide a data compression 
technique which would not be slew-rate limited, and at 
the same time avoid the complex bit-shifting and mask- 
ing operations necessary to insert the header bits 

25 before each sample. 

SUMMARY OF THE INVENTION 

In accordance with the principles of the present 

30 invention, a data compression technique is disclosed 
that produces a compressed data stream that com- 
prises both compressed and not-compressed data 
samples, as well as a separate "map" object that indi- 
cates which of the samples in the compressed data 

35 stream are representative of one of the compressed 
original samples and not-compressed original samples. 

In accordance with a further aspect of the invention, 
the "map" object is advantageously used by the data 
consumer for signal analysis purposes, such as for an 

40 activity or value detector. For example, when the data 
samples are representative of the value of successive » 
samples of an ECG waveform, the fast amplitude 
changes at the QRS portion of the waveform can 
quickly be identified by merely looking at the map. That 

45 is, the bits of the map are, in an absolute value sense, 
indicative of waveform activity. Thus, if 8 successive bits 
in the map equal one byte, the value of each byte in the 
map contains information about eight data samples. 
Consequently, the data consumer can quickly get an 

so idea of waveform activity by a simple analysis or refer- 
ence to a single byte of the map, rather than by bit-by-bit 
analysis of each of eight successive data samples. 
Such bit-by-bit analysis would not only be time consum- 
ing but would also be computationally intensive since 

55 decompression of the eight data samples would be 
required before such analysis could be performed. 

Additionally, in an ECG application of the invention, 
it would be easy to combine map objects from different 
pairs of ECG electrodes in order to produce an even 



2 



: <EP 0810532A2_I_> 



EP 0 810 532 A2 



more reliable indicator of QRS detection. 

These and other objects and advantages of the 
invention will now be described, in conjunction with the 
following drawings and description of the preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates in block diagram form a portable 
patient monitoring system which uses a data compres- 
sion technique in accordance with the present inven- 
tion. 

Figure 2 illustrates a packet diagram used by the 
Figure 1 embodiment for transmitting compressed data 
in accordance with the present invention. 

Figure 3 illustrates a flow chart useful for under- 
standing a data encoding compression technique oper- 
ating in accordance with the present invention. 

Figure 4 illustrates a flow chart useful for under- 
standing a data decoding technique operating in 
accordance with the present invention for recovering 
data encoded in accordance with the technique shown 
in Figure 3. 

DETAILED DESCRIPTION OF THE INVENTION 

Initially, it is noted that the data compression 
approach of the present invention, although particularly 
useful for compressing ECG waveform signals, is also 
applicable for compressing many other types of signals. 
Additionally, although the invention is described in con- 
junction with a delta modulation type of data compres- 
sion, other types of compression techniques could be 
used which can take advantage of this invention, such 
as other types of direct data compression (tolerance- 
comparison and entropy coding), as well as transforma- 
tion methods or parameter extraction techniques (e.g., 
Karhunen-Loeve, etc). 

In general, an ECG waveform contains QRS events 
that are composed of frequency components that are 
higher than other portions of the waveform. Conse- 
quently, the waveform is sampled at a higher rate than 
most other types of physiological data and, therefore, 
consumes a large portion of any communication chan- 
nel or storage medium that is used for transmitting or 
storing this type of physiological data. 

Additionally, waveform data makes up most of the 
information produced by a monitor or transmitter. Both 
telemetered data and patient monitor data are consid- 
ered herein, since telemetered data is composed prima- 
rily of waveforms and generally does not include derived 
parameter information, while patient monitors may pro- 
duce larger numbers of waveforms as well as parameter 
and alarm data. 

The purpose of compressing the data is to improve 
communication performance. The wireless medium, in 
particular, is limited in bandwidth. Compression cannot, 
on the other hand, "throw the baby out with the bath 
water". The information in the data must be maintained. 



Because of real-time constraints, a compression proc- 
ess must be relatively fast without making high 
demands on a processor. 

Figure 1 illustrates an application of the present 

5 invention in the environment of a system for monitoring 
the physiological condition of a patient. For the sake of 
simplicity, only the monitoring of electrocardiographic 
(ECG) signals are described, although it should be clear 
that other physiological conditions can also be moni- 

w tored, such as blood pressure, respiration, blood oxy- 
gen saturation, temperature, etc. In the event more than 
one physiological condition is monitored, the signals 
representing these conditions can be combined with the 
acquired ECG signals in accordance with any one of 

15 many well known signal combining techniques, such as 
time division multiplexing. 

As shown in Figure 1 , a plurality of electrodes 12a, 
12b ... 12n are attached to a patient (not shown) in a 
manner well known to those of ordinary skill in the art, 

20 for acquiring electrocardiographic signals from the 
patient, which are coupled, via respective signal con- 
ductors 14a, 14b, ... 14ntoan ECG front end 16. As well 
known to those of ordinary skill in this technology, an 
ECG front end combines the acquired ECG signals into 

25 conventional ECG lead signals. ECG front end 16 
includes an analog-to-digital converter for providing at 
its output digital samples representative of the ampli- 
tude value of successive portions of the ECG lead sig- 
nals (sometimes referred to as ECG waveform 

30 samples). In the event that the ECG waveform is to be 
displayed at a location remote from ECG front end 16, it 
is necessary to transmit the digitized ECG waveform 
data to another location. Conventionally a wireless link 
or RF link is used, which has an appropriate bandwidth 

35 for transmitting the digitised ECG waveform data. Con- 
ventionally, data compression is required and an 
encode and transmit circuit portion 18 is provided which 
is responsive to the digitised ECG waveform samples 
for encoding them so as to reduce their bandwidth using 

40 one of several well known data compression tech- 
niques, and thereafter providing compressed ECG 
waveform samples at an output 20. From output 20 the 
compressed data samples are passed through a trans- 
mission channel 22 which may comprise a wireless link, 

45 a data storage device (such as magnetic tape) or other 
data transmission channel. Thereafter, the data is 
recovered by a receive and decode circuit portion 24 
which recovers the compressed data samples from the 
transmission channel 22 and decodes the compressed 

so data so as to recover and reproduce the original ECG 
waveform samples. The original samples are then 
applied to a signal processor 26 which processes the 
waveform sample in a manner well known to those of 
ordinary skill in the art for application to a display 28 

55 wherein the waveforms are displayed for use by the 
user. As generally described so far, the apparatus of 
Fig. 1 is constructed and operates in accordance with 
signal processing techniques well known to those of 
ordinary skill in the art. However, in accordance with the 
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principles of the present invention, a new technique for 
data compression/decompression is employed. This 
new technique is generally shown in Fig. 2. 

Figure 2 illustrates a transmission packet diagram 
showing the arrangement of the compressed ECG 5 
waveform data as it is transferred from encode and 
transmit circuit portion 18, through channel 22 to the 
receive and decode circuit portion 24. As illustrated 
therein, the stream of compressed digital data is pack- 
etized into first and second portions. The first portion 10 
comprises a bitfield header 200 followed by a datafield 
210. Datafield 210 includes a sequence of bytes having 
a value representative of sequential samples of the 
ECG data. The bitfield header (also referred to herein 
as a "map") comprises an array of O's and 1 's which indi- is 
cate which of the data samples in datafield 210 are 
compressed or uncompressed. Thus, a 0 in map portion 
200 indicates that the corresponding data sample in 
datafield 210 is compressed data, while a 1 in map por- 
tion 200 indicates that the data sample in datafield 210 20 
is uncompressed. It should be noted, that alternatively, 
a 1 in map can be used to indicate the compressed data 
sample, while a 0 in map indicates an uncompressed 
data sample. Furthermore, even if only the position 
(order) of only one of the compressed or uncompressed 25 
samples is indicated by the map bits, the position of the 
other samples could be inferred by a process of elimina- 
tion. 

As discussed in the Background portion of the 
present application, in order to provide a lossless data 30 
compression technique, it is sometimes necessary to 
not compress the original data because it's value 
change exceeds the dynamic range of the bits used to 
describe the compressed sample. For example, when 
delta modulation compression is being utilized as the 35 
compression technique, in the event that adjacent origi- 
nal samples have a value change which exceeds the 
dynamic range of the delta value, an uncompressed 
original sample is sent in datafield 210. Correspond- 
ingly, the position of that uncompressed data sample in 40 
datafield 210 is represented by a "1" in the map portion 
200 of the transmission packet. 

In a preferred embodiment, the ECG waveform 
data is initially digitized by ECG front end 16 into 16-bit 
samples. Using a delta modulation compression tech- 45 
nique, after a "not compressed" data sample is sent as 
the initial sample in the first data slot of the data portion 
of the packet, thereafter only a delta, using less bits, is 
sent to represent the change in value between succes- 
sive samples. In the illustrated embodiment, 16-bit data so 
is used for the original samples and an 8-bit delta is 
used (+/- 128). The data packet illustrated in Figure 2 
shows the first sample in parenthesis, since, as previ- 
ously noted its sent not compressed so that it can be 
used as the starting point for modification by the subse- ss 
quent delta,. Furthermore, since the first sample is 
always sent not compressed, it is not necessary to rep- 
resent it in the map portion. Thus, the first three "0"s in 
the map portion 200 of Fig. 2 shows that after the initial 
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not-compressed sample, the first three data samples of 
data portion 210 are compressed, and therefore repre- 
sented by an 8-bit delta value, rather than the 16-bit 
uncompressed initial data sample. Note, that the fourth, 
sixth, and ninth samples in the data portion 210 are sent 
uncompressed, i.e. with 16-bits. 

The described modified DPCM scheme with an 
appropriately selected delta size can achieve a 1 .6 - 1 .9 
compression ratio when applied to ECG data. 

Referring again to Fig. 1 , it is noted that the receive 
and decode circuit portion 24 uses the information in the 
map portion 200 in order to identify the compressed 
data samples in the data portion 210, and thereby 
speed-up and simplify the de-compression of the trans- 
mitted data. In the event that in an alternative embodi- 
ment of the invention separate sections of data portion 
210 are used for the compressed and not-compressed 
data samples, the information in map portion 200 is 
used to determine the order or sequence for recon- 
structing the original data sample stream from the com- 
pressed and not-compressed data samples. 

In accordance with a further aspect of the present 
invention, as a side-effect of the above-described new 
compression technique, the map object can also be 
used as a discriminator function for discriminating, for 
example, ECG QRS complexes. 

That is, computational effort required to produce 
the present compression technique can be leveraged by 
consumers of the compressed data for algorithmic pur- 
poses, such as, in an ECG application, QRS detection 
or beat classification. This is so because the information 
contained in the map is indicative of waveform activity in 
an absolute value sense. An activity indication signal is 
not specifically shown, but conducted along signal path 
"I" between circuit portions 24 and 26 shown in Fig. 1 
(note, signal path "D" is for transmission of the de-com- 
pressed data to processor 26). The value or each byte 
in map 200 contains information about eight data sam- 
ples in data portion 210. Thus, the consumer of the data 
can quickly and easily get information about a charac- 
teristic of the data that the compressed samples are 
representative of, such as its amplitude change activity, 
by referencing a single byte of map 200. With the prior 
art compression techniques, it would be necessary to 
examine eight samples of the compressed data to get 
the activity information content of a single byte of the 
map. Furthermore, in the prior art techniques, it would 
normally also be required that the compressed data 
samples be de-compressed before the activity informa- 
tion could be obtained. 

The present invention is particularly effective with 
16-bit ECG data and 8-bit deltas since bit shifting is not 
required. Because the map and data samples are in 
separate portions of a memory associated with the 
processing, the time consuming bit shifting of the data 
and the setting of flags is not required. Other data sizes 
may also be used in the general case, but the computa- 
tion required for compression is more. 

In accordance with an even further aspect of the 
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present invention, not specifically shown, map objects 
produced from data compression using the technique of 
Fig. 2 on different pairs of ECG electrodes can be com- 
bined to produce a more reliable QRS indicator. 

In accordance with a still further aspect of the s 
present invention, not specifically shown, the map 
object itself may be compressed, since this array is gen- 
erally sparse with respect to ECG data. This compres- 
sion may be a simple form of Huffman encoding. If the 
compression is working, then the map should be made 10 
up mostly of NULL bytes. These NULL bytes can be 
represented by single bits. 

As noted above, one feature of the present inven- 
tion is that the compression map 200 may be used to 
indicate activity in the waveform, and in fact may provide is 
a good indication of correlation between or among a 
plurality of waveforms. 

That is, each bit value in the map is a logical rela- 
tion described as: 

20 

r = (|A|> x ) 

where A is the sample difference and % is the delta 
threshold. Thus, the bit position of a bit within the map is 
not important, but the number of bits in closed proximity 25 
can serve as a key discriminator of waveform activity. 

For example, a single waveform discriminator can 
count the number of map bits set (i.e., to a "1") over a 
certain time window. For efficiency and speed pur- 
poses, the time window could be forced to be on a byte 30 
boundary. The count of set bits could be done with a 
look-up table. For analysis of multiple waveforms, anal- 
ysis would simply involve combining the individual dis- 
criminator outputs. 

For completeness sake, it is also noted that the 35 
transmission packets also include a header for "house- 
keeping information", such as the number of samples 
contained in the data portion, the size of samples and 
the delta, and in general other information of this type. 
Additionally, the transmission packets can have other 40 
portions for sending other types of data in addition to 
sampled waveform data, for example processed data 
such as blood pressure and other physiological values, 
as well as status data. This data may also be re-assem- 
bled using the compression map. 45 

Figure 3 illustrates a flow chart useful for under- 
standing a data encoding compression technique oper- 
ating in accordance with the present invention. The flow 
chart is basically self explanatory, however for the sake 
of completeness, some additional description will now so 
be provided. Step 302 initializes the system and pro- 
vides, as previously noted, the first sample from the 
stream of original samples as the first sample in 
datafield 210. Steps 304 through 310 obtain the next 
sample from the stream of original samples, and set-up ss 
the bit sequence of mapfield 200. Steps 312, 314 and 
318 develops the sequence of compressed data sam- 
ples for datafield 210, and steps 312, 316 and 318 
develops the sequence of not-compressed data sam- 
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pies for datafield 210. 

Figure 4 illustrates a flow chart useful for under- 
standing a data decoding technique operating in 
accordance with the present invention for recovering 
data encoded in accordance with the technique shown 
in Figure 3. Like Fig. 3, the flow chart is basically self 
explanatory, however for the sake of completeness, 
some additional description will now be provided. Step 
402 initializes the system and provides, as previously 
noted, the first sample from datafield 210 as the first 
sample in the data stream reconstruction of the original 
data samples. Steps 408 through 412 determine the 
position of samples in datafield portion 210 that are 
compressed and are not compressed. If a sample is 
identified as compressed, its delta value is added to the 
value of the last sample and it is then stored as the cur- 
rent sample. If a sample is identified as not-com- 
pressed, its value is then stored as the current sample. 
Steps 404 and 406 cause the forenoted process to be 
repeated until the last sample in datafield 210 has been 
processed. 

Thus, what has been shown and described is a 
novel method and apparatus for data compression 
which fulfills all the objects and advantages sought 
therefore. Many changes, modifications, variations and 
other uses and applications of the subject invention -will, 
however, become apparent to those skilled in the~art 
after considering this specification and its accompany- 
ing drawings, which disclose preferred embodiments 
thereof. For example, as previously noted, other types 
of data compression could be used in conjunction with 
the invention. Furthermore, although in the preferred 
embodiment the compressed data samples are inter- 
mixed with the not-compressed data samples in. the 
data portion of the packets, as previously noted, sepa- 
rate sections of the data portions of the packets could 
be used for the compressed and not-compressed data 
samples, with the information in the map portion allow- 
ing proper reordering of the compressed and not-com- 
pressed data samples. All such changes, modifications, 
variations and other uses and applications which do not 
depart from the spirit and scope of the invention are 
deemed to be covered by this patent, which is limited 
only by the claims which follow as interpreted in light of 
the foregoing description. 

Claims 

1. A data compression technique for processing a 
stream of original data samples to produce a com- 
pressed data stream that comprises both com- 
pressed and not-compressed data samples, 
comprising: 

a data compression means for applying a data 
compression technique to said original data 
samples so as to develop a sequence of com- 
pressed original samples and not-compressed 
original samples, and providing said sequence 
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of samples in a data portion of a transmission 7. 
packet; and 

a compression indicator means for developing 
a sequence of bits indicating which of the sam- 5 
pies in the data portion of a transmission 
packet are representative of one of com- 
pressed original samples and not-compressed 8. 
original samples, and providing said sequence 
of bits in a map portion of said transmission io 
packet. 

2. The apparatus of claim 1 , wherein the data portion 
of said transmission packet includes separate sub- 
sections for said compressed original samples and is 
not-compressed original samples, respectively. 9. 

3. The apparatus of claim 1 , wherein the data portion 
of said transmission packet includes said com- 
pressed original samples and not-compressed orig- 20 

inal samples in an intermixed order, as indicated by 10. 
the sequence of bits in the map portion of the trans- 
mission packet. 

4. The apparatus of claim 1, wherein said data com- 25 
pression means applies a delta modulation data 
compression technique to said original data sam- 
ples. 



11. 

5. The apparatus of claim 1 , wherein said original data 30 
samples comprise successive samples of a sam- 
pled electrocardiographic waveform. 

6. A receiver for receiving transmission packets hav- 
ing a data portion including a sequence of both 35 
compressed and not-compressed data samples 
representative of a sequence of original data sam- 
ples, and having a map portion including a 
sequence of bits indicating the order in which the 
compressed original samples are to be presented 40 
in a reconstruction of said sequence of original data 
samples, comprising: 

a data de-compression means responsive to 
said compressed and not-compressed data 45 
samples in said data portion of said transmis- 
sion packets for applying a data de-compres- 
sion technique to said compressed original 
samples and developing a data stream repre- 12. 
sentative of said original data samples; and 50 

indication means responsive to said sequence 
of bits in said map portion, for generating a 
compression indication signal and providing 
said compression indication signal to said data 55 13. 
de-compression means for indicating the order 
in which the compressed original samples are 
to be presented in said data stream represent- 
ative of said original data samples. 



The receiver of claim 6, further including process- 
ing means, responsive to said sequence of bits in 
said map portion, for generating a characteristic 
indication signal for indicating a characteristic of the 
data for which said sequence of original data sam- 
ples is representative. 

The receiver of claim 7, wherein said processing 
means comprises an activity detector for generat- 
ing as said characteristic indication signal a signal 
that indicates portions of said sequence of original 
data samples that are representative of magnitude 
changes that are greater than a predetermined 
threshold. 

The receiver of claim 8, wherein said original data 
samples are representative of an ECG waveform, 
and said characteristic indication signal indicates a 
QRS portion of the ECG waveform. 

The receiver of claim 9, wherein a plurality of said 
transmission packets include data portions and cor- 
responding map portions representative of a plural- 
ity of ECG waveforms, and further including: 

means for combining the bits a plurality of said 
map portions to produce said indication signal. 

A method for data compression of a stream of orig- 
inal data samples to produce a compressed data 
stream that comprises a combination of both com- 
pressed and not-compressed data samples, com- 
prising the following steps: 

applying a data compression technique to said 
original data samples so as to develop a 
sequence of compressed original samples and 
not-compressed original samples, and provid- 
ing said sequence of samples in a data portion 
of a transmission packet; and 

developing a sequence of bits indicating which 
of the samples in the data portion of the trans- 
mission packet are representative of one of 
said compressed and not-compressed original 
samples, and providing said sequence of bits in 
a map portion of said transmission packet. 

The method of claim 1 1 , wherein the providing step 
of said applying step, comprises providing in the 
data portion of said transmission packet separate 
sub-sections for said compressed original samples 
and not-compressed original samples, respectively. 

The method of claim 1 1 , wherein the providing step 
of said applying step, comprises providing in the 
data portion of said transmission packet said com- 
pressed original samples and not-compressed orig- 
inal samples in an intermixed order, as indicated by 



BNSDOCID: <EP 0810532A2_I_> 




EP 0 810 532 A2 



the sequence of bits in the map portion of the trans- 
mission packet. 
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FIG. 3 
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